Abstract. The aim of the present study was to investigate the effect of genetic polymorphisms in candidate genes within the leukotriene (LT) pathway on platelet reactivity and the concentration of selected LTs in diabetic patients treated with acetylsalicylic acid (ASA). The study cohort consisted of 287 Caucasians with type 2 diabetes who had received treatment with ASA tablets (75 mg/day) for at least three months. Platelet reactivity analyses were performed using VerifyNow aspirin and PFA-100 assays. The measured LTs included leukotriene B 4 (LTB 4 ) and leukotriene E 4 (LTE 4 ). Genotyping for the selected 25 single nucleotide polymorphisms (SNPs) within six genes of the LT pathway was performed using a Sequenom iPLEX platform. No statistically significant association was observed between the investigated SNP genotypes, platelet reactivity and measured LTs in the patient cohort. The results of our study suggest that certain polymorphisms of the LT pathway are not associated with altered platelet reactivity and the measured LTs in diabetic patients treated with ASA.
Introduction
Acetylsalicylic acid (ASA) is an effective inhibitor of platelet thromboxane A 2 (TxA 2 ) synthesis by cyclooxygenase-1 (COX-1), nevertheless it is often considered a relatively weak platelet inhibitor due to its limited effect on aggregation in the presence of high concentrations of other agonists, such as adenosine-5'-diphosphate (ADP) or collagen (1) (2) (3) .
ASA-induced COX-1 inhibition may cause alternative processing of arachidonic acid (AA) via the 5-lipoxygenase (5-LOX) pathway, resulting in the increased production of proinflammatory leukotrienes (LTs) (4) . In leukocytes, the 5-lipoxygenase gene (ALOX5) and the 5-lipoxygenase-activating protein gene (ALOX5AP) initialize the biosynthesis of LTs from AA. The biologically active LTs are synthesized by subsequent conversion to LTB 4 and the cysteinyl LTs (LTC 4 , LTD 4 and LTE 4 ) via enzymatic reactions with LTA4 hydrolase (LTA 4 H) and LTC4 synthase (LTC 4 S), respectively ( Fig. 1) (5) . LTs subsequently affect the function of the target cells, including monocytes and other pro-inflammatory leukocytes, through receptor-mediated signal transduction.
The majority of research on the association of genomics and platelet reactivity with ASA therapy has been focused on specific agonists or single pathway platelet function phenotypes (6) . Several single nucleotide polymorphisms (SNPs) may be responsible for certain inter-individual differences in platelet reactivity in the type 2 diabetes mellitus (T2DM) population treated with ASA (7) .
The aim of this study was to determine whether SNPs in candidate genes, including ALOX5, ALOX5AP, ALOX12, ALOX15, LTA4H and LTC4S, in Caucasian patients with T2DM are associated with changes in platelet function analyzer (PFA)-100 collagen/epinephrine closure time (CEPI-CT) and/or collagen/ADP closure time (CADP-CT) and/or VerifyNow aspirin reaction units (ARU) and the concentrations of LTB 4 and LTE 4 .
Materials and methods

Patient population and study design. The local ethics committee of the Medical University of Warsaw approved
Lack of effect of common single nucleotide polymorphisms in leukotriene pathway genes on platelet reactivity in patients with diabetes the study protocol and the informed consent form (date of approval, May 29 2007; certification number, KB/77/2007). The study was conducted in accordance with the Declaration of Helsinki and informed written consent was obtained from all patients. The genotyping in this study was reviewed and approved by the Institutional Review Board of Penn State Hershey Medical Center (Hershey, PA, USA). The subjects of the study were recruited consecutively from patients with T2DM participating in a multi-center, prospective, randomized and open-label AVOCADO (aspirin vs./or clopidogrel in aspirin-resistant diabetics inflammation outcomes) study presenting to the outpatient clinic of the Central Teaching Hospital of the Medical University of Warsaw. The full characterization of the population of the study, including the inclusion and exclusion criteria, have been published previously (7) . Caucasian subjects with T2DM who, at the time of enrollment, had been receiving treatment with ASA tablets (75 mg/day) for at least 3 months for the primary or secondary prevention of myocardial infarction (MI) were recruited. No clopidogrel or antiplatelet drugs other than ASA were used in any of the investigated patients. All patients had received oral antidiabetic agents and/or insulin for at least 6 months; diet-controlled diabetic patients were not included in the study. Compliance to ASA therapy was determined upon enrollment in the study based on the statement of the patient and measurement of S-TxB 2 levels.
Blood sample and assay procedure. Blood samples were obtained in the morning 2-3 h following the previous dose of ASA. Blood was extracted from the antecubital vein and the initial 2 ml of blood was discarded in order to avoid spontaneous platelet activation. Blood was drawn into tubes containing 3.2% sodium citrate for VerifyNow measurements and 3.8% sodium citrate for PFA-100 measurements. Blood samples were processed within 2 h of collection. For S-TxB 2 , whole blood was allowed to clot at 37˚C for 1 h prior to serum separation by centrifugation. Serum was obtained from venous blood by centrifugation at 1000 x g for 15 min at 4˚C and aliquots were stored at -80˚C for further analysis. Routine laboratory testing was performed at the laboratory of the Central Teaching Hospital of the Medical University of Warsaw using standard techniques, including complete blood cell and platelet counts, fasting glycemia, glycosylated hemoglobin (HbA1c), lipid profile, C-reactive protein and serum creatinine concentrations. The concentration of the functional epitope of the vWF molecule (vWF:Ag) was measured in the citrate plasma samples using an enzyme immunoassay (EIA) kit according to the manufacturer's instructions (vWF Activity Kit, Sekisui Diagnostics, Stamford, CT, USA).
S-TxB 2 and serum LTB 4 concentrations were also measured with an EIA kit according to the manufacturer's instructions (EIA kits, Cayman Chemicals, Ann Arbor, MI, USA). Each set of TxB 2 and LTB 4 EIA kits were tested for the impact of interferences. The correlation of results in three dilutions of five random samples were assessed, as proposed by the manufacturer's instructions within the kit. Following the analysis of results, it was decided that the assay was to be used without purification, as the differences between the results did not exceed 20%. Samples with results outside the standard curve were re-assayed with appropriate dilutions. Optimal compliance was confirmed by S-TxB 2 levels <7.2 ng/ml in all patients, as described previously in a diabetic population by Mortensen et al (1) .
The first morning urine sample was collected and delivered by the patient within 2 h. The samples were collected into tubes containing indomethacin and subsequently stored at -80˚C for further analysis. Urinary LTE 4 concentrations were measured using an EIA kit according to the manufacturer's instructions (Cayman Chemicals), following extraction and purification on SPE (C18) columns (Waters Associates, Milford, MA, USA), and data were normalized for urinary creatinine concentration.
Platelet function analysis
VerifyNow. The VerifyNow aspirin assay (Accumetrics, San Diego, CA, USA) uses cartridges containing a lyophilized preparation of human fibrinogen-coated beads and AA. The assay is a turbidimetric-based optical detection system, which measures platelet-induced agglutination as the increase in light transmittance in response to AA and converts luminosity transmittance units into ARU for VerifyNow. According to the manufacturer, ARU ≥550 indicates no effect of ASA on platelet aggregation, whereas ARU <550 indicates platelet dysfunction due to inhibition of the COX-1-dependent pathway (8) .
PFA-10 0. T he PFA-10 0 assay ( Dade-Beh r i ng International, Inc., Newark, DE, USA) uses whole blood and simulates high shear stress conditions. A syringe aspirates citrated whole blood at a high shear rate through a small aperture cut into a membrane, coated with 2 µg of type I collagen and either 10 µg epinephrine (EPI) bitartrate or 50 µg ADP. The instrument records the time required for occlusion of the aperture, defined as CT, which is indicative of platelet reactivity in the whole blood sample. Based on our own and other previous reports (7,9-11), we applied three different cut-off values for high platelet reactivity in the CEPI-CT assay. In the first approach, adequate platelet inhibition with ASA is defined as CEPI-CT ≥165 sec, and in the second as CEPI-CT ≥193 sec (the manufacturer's lower limit of the normal range for aspirin-free healthy controls) (12) . The maximum CT provided for PFA-100 is 300 sec and is equivalent to non-occlusion (13) . Thus, patients with CEPI-CT values ≥300 sec were defined as an alternative population with adequate platelet inhibition (14) . Cut-off values for CADP-CT were based on the median value in the studied population.
DNA extraction, quality control and quantification. DNA was obtained from whole blood samples and frozen until it was required for analysis, which employed the membrane ultrafiltration method using a Fuji MiniGene 80 extractor (FujiFilm Life Sciences distributed by AutoGen, Inc., Holliston, MA, USA). DNA concentrations were determined spectrofluorometrically using a PicoGreen dsDNA Quantitation Reagent kit (Molecular Probes Inc., Eugene, OR, USA).
Individual SNP genotyping. Genotyping was performed at the Boston Children's Hospital (Boston, MA, USA) using a custom Sequenom iPLEX assay in conjunction with the MassARRAY platform (Sequenom Inc., San Diego, CA, USA). One panel of SNP markers was designed using Sequenom Assay Design 3.2 software.
Statistical analysis of results
Power analysis. We planned a prospective, observational study of diabetic patients treated with ASA. The Hardy-Weinberg equilibrium (HWE) was evaluated using the two-tailed Chi-square test. The primary analysis utilized the two-tailed Chi-square test followed by univariate logistic regression with genotypes for each SNP as dependent variables, and VerifyNow ARU >550 phenotype (high on ASA platelet reactivity) as a binary independent variable. The logistic regression procedure enabled us to estimate the log of the odds ratio (OR), a measure of the increase in odds of experiencing VerifyNow ARU >550 for subjects carrying the variant compared with wild-type subjects. We obtained a 95% confidence interval around this estimate and the P-value for the OR. The P-value was compared with the pre-defined cut-off for statistical significance (α = 0.05/number of investigated SNPs and outcome phenotypes = 0.0017, since the nominal α-level of 0.05 was corrected by the Bonferroni method for 25 simultaneously analyzed polymorphisms and five outcome phenotypes). Given the expected population incidence of VerifyNow ARU>550 in the investigated diabetic population of ~20%, average allele frequency of minor allele 0.2, alpha level=0.0017 and a statistical power of 0.8, the study required at least 280 subjects to detect clinically significant OR=3 for experiencing VerifyNow ARU>550 in carriers of the minor allele.
Initial power analysis revealed that none of the analyzed SNP genotypes were associated with any of the measured outcome phenotypes (platelet reactivity or LTs concentrations).
Statistical calculations. Statistical analyses were performed using IBM-SPSS ver. 19 and Stata (Stata Corporation, College Station, TX, USA) software. Deviations from the HWE were calculated using the Chi-square test.
The recorded clinical data, when distributed normally in the analyzed group of patients, are presented as the mean ± SD, and non-normally distributed data are presented as median and the interquartile range (IQR). We compared the distribution of predefined cut-off values for the assays, CEPI-CT for PFA-100 (<165 sec, <193 sec and <300 sec) and the ARU for VerifyNow (<550) using exact Chi-square statistics and distribution of medians, CEPI-CT and CADP-CT for PFA-100 and ARU for VerifyNow among all genotypes of successfully genotyped SNPs for three genotypes (homozygotes for minor allele and heterozygotes and homozygotes for major allele) using the Kruskal-Wallis test. SNPs were considered to be statistically significant when P<0.05/30 (the P-value is corrected for multiple comparisons).
SNPs with nominal statistically significant (P<0.05 prior to correcting for multiple comparisons) differences in the measurements for AA metabolite concentrations (LTE 4 and LTB 4 ) between medians for three genotypes (homozygotes for minor allele, heterozygotes and homozygotes for major allele) were subjected to further testing based on the dominant, recessive or additive genetic model by the Mann-Whitney test.
Results
Patients. From the initially enrolled 304 patients, complete clinical data and blood samples were available for 298 patients. Subsequently, eight patients were eliminated from the analysis due to suspected ASA non-compliance (S-TxB 2 concentrations >7.2 ng/ml) and a further three patients were eliminated due to the lack of corresponding biochemical and genotype data. Demographic characteristics, clinical data and the results of platelet reactivity measurements, serum concentrations of S-TxB 2 , LTB 4 and urinary concentrations of LTE 4 for the remaining 287 patients are summarized in Table I .
Genotyping. Genotyping was initially attempted for 25 selected SNPs (see Fig. 1 ) in all 287 patients. There was one SNP that was considered to be a failure as it genotyped poorly (cut-off <85%; rs2660880, LTA4H gene) and one SNP was not included in the final analysis as we observed only homozygotes in our population (rs62406223, LTC4S gene). The remaining 23 SNPs genotyped well (>86% success rate) and were in the HWE.
The results of the allele and genotype frequencies for all genotyped SNPs included in the final analysis are summarized in Table II . For each of the successfully genotyped SNPs, we compared the corresponding platelet reactivity measurements (CEPI-CT and CADP-CT for PFA-100 and ARU for VerifyNow), serum LTB 4 concentrations and urine concentrations of LTE 4 data between three allelic groups (homozygotes for minor and major alleles, in addition to heterozygotes) using the non-parametric Kruskal-Wallis test. We observed no statistically significant differences in the platelet reactivity measurements and LTB 4 or LTE 4 concentrations for carriers and non-carriers of the investigated SNP variants (Table III) . We did not observe any statistically significant results for groups of patients based on predefined cut-off values for platelet reactivity assays (CEPI-CT and ARU; data not shown).
Discussion
We genotyped 24 common SNPs within six genes associated with the metabolism of AA to LTs; six SNPs in ALOX5AP, three SNPs in ALOX5, three SNPs in ALOX12, two SNPs in ALOX15, one SNP in LTC4S and nine SNPs in LTAH4. In our study, no correlation was observed between the SNPs in candidate genes and measured platelet reactivity or metabolites of the LT pathway (LTB 4 or LTE 4 ) in a population of patients with T2DM. These findings suggest that no major effects of these genetic variations on inter-individual variations in platelet reactivity or LT pathway metabolites occur in the T2DM population.
The lack of correlation between SNPs within the LT metabolism pathway observed in our study does not exclude the role of the LT pathway metabolites in the pathogenesis of thrombosis. LTs posses an established role in a wide variety of inflammatory diseases, including asthma, allergic rhinitis, atherosclerotic cardiovascular disease (CVD), inf lammatory bowel disease, multiple sclerosis and cancer (15) (16) (17) (18) (19) (20) (21) . Moreover, Camacho et al (22) observed a significant genetic correlation between the expression of ALOX5AP and LTA4H and arterial thrombosis. The correlation between LTA4H and arterial thrombosis specifically highlights the role of LTB4 and leukocytes in cardiovascular events. However, analysis of correlation between LT traits and coagulation factors (factors IX, VII, VIII, XI, XII and fibrinogen) and platelet function (PFA-100 CEPI-CT and CADP-CT) revealed no correlation (22) .
The lack of observed correlation between investigated SNPs in the LT pathway and platelet function phenotypes or LT concentrations in our study may be explained by a limited number of investigated variants, which represent only a small fraction of all previously documented variants in LOX pathway genes. Genotyped variants were selected on (n=0) n/a n/a n/a n/a n/a P-value (MW) test) 0 (n=0) n/a n/a n/a n/a n/a P-value (MW test) (n=0) n/a n/a n/a n/a n/a P-value (MW test) n/a n/a n/a n/a n/a P Data are presented as the median and the interquartile range (IQR). a P-value calculated using the Kruskall Wallis (KW) test for differences between three analyzed genotypes for each SNP. ASA, acetylsalicylic acid; n, number of carriers for each genotype; MAF, minor allele frequency for each analyzed SNP in investigated cohort; ARU, aspirin reaction unit; CEPI-CT, collagen/epinephrine closure time; CADP-CT, collagen/adenosine diphosphate closure time; LTB 4 , leukotriene B 4 ; LTE 4 , leukotriene E 4 .
the basis of previous publications concerning mainly coronary artery disease (CAD) and MI (15) (16) (17) (18) (19) (20) (23) (24) (25) . It is possible that selected variants may be involved in atherosclerosis and the risk of MI in studied population, through indirect association with platelet reactivity and the LT pathway. Certain variants, not investigated in our cohort, may affect the metabolism of the LT pathway and thus modify platelet reactivity and increase the risk of CAD and MI. Finally, the observed nominal statistically significant results may not have achieved statistical significance using multiple comparison correction due to the fact that the number of investigated patients was too small to obtain the true statistically significant results for a smaller than initially assumed OR.
The available results from previously published studies on the effect of genetic variations of the LT pathway on CAD, MI and stroke risk are inconsistent and depend on the analyzed population (15) (16) (17) (18) (19) (20) (22) (23) (24) (25) . As such, in other populations, the genetic variants investigated in our study may alter the risk of thrombosis associated with platelet functions. Furthermore, only patients with T2DM were included in our study, and we do not know if the lack of effect is related to the diabetic population and may become evident in other populations (CAD and non-diabetics).
A further limitation of our study is related to the choice of tests for measuring platelet reactivity. Light transmission aggregometry (LTA) is considered to be the 'gold standard' of platelet function tests, but it is poorly standardized, requires a specialist laboratory and is unlikely to be used widely in routine clinical practice (26) . Thus, in our study, we assessed platelet reactivity by using three point-of-care tests (CEPI-CT and CADP-CT by PFA-100 and ARU by VerifyNow aspirin assay) that are used in multiple centers.
In conclusion, the results of our study failed to confirm whether the selected variants in genes within the LT metabolism pathway contribute to platelet reactivity in a diabetic population treated with ASA.
